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ABSTRACT

OXYTOCIN RECEPTOR GENOTYPE AND SEROTONIN TRANSPORTER GENOTYPE
AS MEDIATORS OF SOCIAL BEHAVIOR: A RHESUS MACAQUE MODEL
Ryno Kruger
Psychology Department
Bachelor of Science
Studies suggest that sociality plays a major role in physical and mental health, with
loneliness, hostility, and aggression contributing to ill health. Genetic variation functions as a
foundational basis for positive sociality, as well as antisocial behaviors such as social
alienation and aggression. It is widely believed that the central serotonin and oxytocin
systems are two neurotransmitter systems that play important roles in sociality and antisocial
behavior. In this study, we investigate the genetic impact of the serotonin transporter gene
(SERT) and a recently discovered oxytocin receptor (OXTR) gene on social isolation and
antisocial behavior using a rhesus monkey model (Macaca mulatta). Blood samples were
obtained from N = 127 rhesus monkeys (55 males, 72 females), and DNA was extracted and
SERT and OXTR genotypes were characterized. As young adults (M = 6.23 years), the
monkeys’ behaviors that characterize social affiliation, social isolation and aggression were
recorded four times, randomly distributed over a month by trained observers using 300second observations. Results showed an association between the OXTR genotype and rates
of giving aggression and receiving social displacements from other group members. Results
from linear regressions showed a dose-dependent effect of the T-allele. With each increase in
the number of T-alleles, subjects exhibited increasing rates of aggression and agonistic
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displacements. There was also a nearly significant association between SERT genotype and
average number of close social partners. The results from linear regressions showed that for
each increase in the number of s-alleles, subjects had fewer social partners when compared to
subjects that were homozygous for the L-allele. These findings suggest that subjects
possessing a T-allele on OXTR and subjects possessing a s-allele on SERT show evidence of
diminished social affiliation and increased antisocial behaviors such as aggression. These
findings show that the oxytocin and serotonin systems influence social alienation and
antisocial behaviors such as aggression. To the extent that these finding generalize to
humans, they suggest potential etiological mechanisms of sociobehavioral disorders such as
childhood aggression, conduct disorder, antisocial behavior, and possibly autism and
schizophrenia.
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Introduction:
Studies show that loneliness and limited social opportunities can impact mental health
(for examples, see Segrin & Taylor, 2007; Christenfeld & Gerin, 2000) and physical health
(for examples, see Cundiff, Kamarck, & Manuck, 2016; Birmingham, Uchino, Smith, Light,
& Sanbonmatsu, 2009; Holt-Lunstad, Smith, & Layton, 2010) in social primates, including
humans and nonhuman primates. Similarly, hostility and aggression are linked to a variety of
physical diseases as well as normative immunological functioning (Rutledge, & Hogan,
2002; Yan et al., 2003).
Research has increasingly focused on genetic contributions to social behavior (for
examples, see Wang, Ross, & Keller, 2008; Dickson, 2008; Donaldson & Young, 2008;
Yirmiya et al., 2006; Prichard, Mackinnon, Jorm, & Easteal, 2007). Studies have shown that
neurotransmitters, such as serotonin, norepinephrine, and oxytocin influence mood
(Brambilla, Perez, Barale, Schettini, & Soares, 2003), and behaviors such as social alienation
(i.e., in loners) and aggression (Higley, & Linnoila, 1997; Wai & Bond, 2002). Candidate
gene studies, studying the effects targeted/specific genes have on behavioral outcomes, have
proven useful in investigating genetic contributions to antisocial behavior such as aggression
and social alienation (Howell et al., 2007; Haram et al., 2015; Donaldson & young, 2008;
Hovey et al., 2016). The present study assesses the impact of two candidate genes, the
serotonin transporter genotype (5-HTT; also known as SERT) and a recently discovered
oxytocin receptor genotypic variant (OXTR- rs1044249), on antisocial behaviors such as
social alienation and aggression.
Serotonin is a major inhibitory neurotransmitter that influences sociality (Knutson et.
al, 1998; Pezawas et. al, 2005), with lower central serotonin functioning leading to an
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increase in antisocial behaviors such as social alienation and aggression (Howell & Higley
2007; Lesch et. al, 1996). Studies (Higley & Linnoila, 1997) show that impaired CNS
serotonin functioning, as measured by low levels of the serotonin metabolite 5hydroxyindoleacetic acid (5-HIAA) in the cerebrospinal fluid (CSF) influences social
behavior, with individuals that exhibit low CSF 5-HIAA concentrations showing impulsivity,
social alienation (i.e., they are loners), aggression, and, in the case of males, they are seldom
selected by females as sexual partners.
Genetic influences play an important role in CNS serotonin activity. One of the most
studied candidate genes is the serotonin transporter (5-HTT). The serotonin transporter plays
a major function in regulating the available serotonin (Lesch et. al, 1996). The serotonin
transporter genotype (5-HTT) was one of the first candidate genes discovered (Lesch et. al,
1996), with studies showing the expression of a biallelic repeat polymorphism: a short (s)
repeat allele, which is associated with reduced serotonin availability and an ancestral longer
(L) allele. Both preclinical and human studies show that subjects with the s-allele are more
likely to exhibit antisocial behavior and to have fewer social affiliations than those
homozygous for the L-allele, however, this is often found in the context of gene-byenvironmental interaction (Caspi et al., 2003; Barr et al., 2003b; Lesch et al., 1996).
Oxytocin is a hormone typically implicated in social bonding, with studies showing a
positive relationship between oxytocin, social behavior, and social bonding (Declerck,
Boone, & Kiyonari, 2010; Heinrichs, Baumgartner, Kirschbaum, & Ehlert, 2003). Still, other
studies show that oxytocin ameliorates “anti-social” behavior (Declerck, Boone, & Kiyonari,
2010). Moreover, studies show lower parental sensitivity (Feldman, Gordon, & ZagoorySharon, 2011), lack of facial focus orientation (Gamer, Zurowski, & Buchel, 2010), and
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decreased emotion recognition (Shahrestani, Kemp, & Guastella, 2013) in individuals with
lower levels of oxytocin when compared to controls with higher levels of oxytocin. The
primary genetic variant studied in the human oxytocin receptor (OXTR) gene has a single
nucleotide polymorphisms (SNP) G-to-A variant, with the G-allele being ancestral. Studies
show that individuals possessing the A-allele show less empathy than those with the G-allele
(Rodrigues, Saslow, Garcia, John, & Keltner, 2009), as well as increased callousness (Dadds
et al., 2014). From its early study, the OXTR genotype has been linked to aggression,
delinquency, particularly in children (Malik, Zai, Abu, Nowrouzi, & Beitchman, 2012) and
adolescents (Fragkaki et al., 2019; Andreou, Comasco, Aslund, Nilsson, & Hodgins, 2018;
Hovey et al., 2016) and especially when provoked by an angry confederate (Smearman,
Winiarski, Brennan, Najman, & Johnson, 2015), although, some studies show these effects
are sex-linked (Andreou, Comasco, Aslund, Nilsson, & Hodgins, 2018) and dependent on
early rearing (Fragkaki et al., 2019). More recent studies show that some of these antisocialaggressive behaviors may be an outcome of low empathy and callous-unemotional traits
(Dadds et al., 2014). At the CNS level, some studies suggest that the more recent OXTR
genotypic variant produces these effects by modulating amygdala functioning (Waller et al.,
2016), with the T-allele homozygous subjects showing increased hostility to angry facial
emotions, at least in men.
While the effect of 5-HTT and OXTR genotypes have received research in humans,
these studies are limited by two factors. They are often heterogeneous populations with
unknown and uncontrolled early histories and are limited in the environmental control that
researchers need when measuring behaviors and traits. To address these limitations, our study
utilizes a translational nonhuman primate model, which allows for a degree of experimental
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control not possible when studying humans. Rhesus monkeys are ideal subjects to use to
model genetic effects on neurotransmission and sociality due to their high degree of CNS
similarity with humans, and parallel developmental stages (Phillips et al., 2014). Like
humans, they live in complex societies that require an extended period of development to
learn the requisite social skills to learn and exhibit social competence (Widdig et al., 2015).
Of particular importance to the proposed research is the high degree of genetic similarity
between humans and rhesus monkeys (about 93%--see Gibbs et al., 2007). Such genetic
similarity is best illustrated by the discovery of an orthologous biallelic 5-HTT genotype
(Jedema et al., 2010), and a recently discovered gain of function non-synonymous OXTR
gene polymorphism (Baker et al., 2017).
Hypotheses:
We hypothesize a dose-dependent effect for the 5-HTT, with subjects possessing the
s-allele showing fewer social companions, when compared to monkeys that are homozygous
for the L-allele. Moreover, we hypothesize a dose dependent effect (i.e., stronger effects in
the homozygotes than for the heterozygotes). Based on earlier work in humans suggesting
that the subjects with the more recent T-allele of the OXTR genotype show decreased
empathy, and increased aggression (Rodrigues, Saslow, Garcia, John, & Keltner, 2009), we
also hypothesize a dose-dependent effect of the T-allele, resulting in increased aggression
and bullying-like behavior (aggressive threats and displacements), when compared to
monkeys that are homozygous for the G-allele.
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Methods:
Subjects
Subjects were N = 127 (55 males, 72 females) adult rhesus monkeys (Macaca
mulatta) (M = 6.23 years of age) maintained by the California National Primate Research
Center in Davis, California. Subjects were all raised in outdoor 0.5 -hectare field cages in
environmental conditions resembling that found in semi-naturalistic settings. They were
housed in social groups with about 100 other rhesus monkeys, with social composition that is
similar to that seen in the wild—matrilineal-headed extended families, 2-3 adult males, and a
number of immature offspring. Subjects were observed socially interacting, undisturbed, in
their home settings. As social status is related to some of the social behaviors, the subjects
were chosen such that they were equally distributed across rank quartiles to avoid a social
status confound.
Behavioral Observations
Behaviors were recorded using a modified frequency checklist, using 15-second
blocks, during four, 300-second observation sessions. To control for fluctuations in daytime
activity and the effect of temperature on subject’s activity, two sessions were conducted in
the morning on differing days, and another two in the afternoon, randomized across days and
time of day (e.g. morning and afternoon). The social behaviors scored included (i.e., number
of social partners in close proximity, initiating or receiving social interactions, social
proximity to a conspecific, aggression given and received, rates of displacement, and rates of
grooming,). Technicians were trained by an expert observer (James Dee Higley) and
achieved an interrater reliability rate of 85% or higher. The four scores were summed and a
mean score for each animal was obtained for each behavior that was used in analyses.
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DNA Extraction and Genotyping
Blood samples were collected, and the blood was used to extract DNA. DNA was
extracted using DNEasy kits (Qiagen, Inc.) according to manufacturer's’ instructions. N =
127 samples were sequenced for SERT genotype with an ABI 3730 DNA Analyzer (Thermo
Fisher Scientific, Massachusetts, USA) using fluorescence technology using procedures
described by Barr et al. (2003a). N = 33 samples were sequenced for OXTR genotype with an
Illumina’s Genome Analyzer (California, USA) using the sequencing-by-synthesis method
using the method described by Baker and colleagues (2017).
Data Analysis
Preliminary analyses indicated that there was an effect of sex on the variables of
interest. Thus, sex was controlled for in all further analyses. A simple linear regression was
calculated to assess the effect of genotype on social behaviors, the dependent variable. To
test the linear, dose dependent effect, genotype (5-HTT or OXTR), was used as the
independent variable, with homozygotes for the ancestral alleles coded as 1, heterozygotes as
2, and the homozygotes for the more recent and less frequent variant coded as 3. As the
sample size for OXTR was small, separate analyses were performed for 5-HTT and OXTR.
The ß for genotype is reported for each of the analyses. All analyses were run in SPSS,
version 25 (IBM, 2018).
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Results:
Serotonin & Social Partners
Linear regression analyses showed an association between 5-HTT genotype and the
number of social partners. Regression showed a significant effect (F(2,117) = 4.646, p =
0.032), with a nearly significant effect of genotype (ß of -0.13, p = 0.061). As figure 1 shows,
there was a linear trend, with subjects homozygous for the s-allele having fewer social
partners than subjects homozygous for the L-allele and the heterozygotes were in between—
for every increase of s-allele, the fewer social partners the subject had. A post hoc analysis
showed that once homozygous short and heterozygous groups were combined, as has been
done in other studies (Bennett, 2002), results indicated a traditional level statistical
significance (p< 0.05).

Figure 1.
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OXTR & Aggression
A linear regression showed an association between OXTR genotype and the
frequency of aggression (F(1,81) = 4.81, p= 0.031), with a significant linear trend (ß -0.24,
p<0.03). As figure 2 shows, subjects homozygous for the T-allele exhibited the most
aggression, with heterozygotes, intermediate, and G-allele homozygotes showing low levels,
suggesting that for each increase in a T-allele there was an increase in the of aggression
directed at other social group members (p < 0.01).

Figure 2.
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OXTR & Receive Displacements
A linear regression showed a significant association between OXTR genotype and
rates of receiving displacement from other social group members (F(2,79) = 5.825, p=
0.004), with a significant linear effect for genotype (ß -0.305 (p< 0.005)). As figure 3 shows,
subjects homozygous for the T-allele received more agonistic displacements than subjects
that were homozygous for the G-allele and the heterozygotes were in between, suggesting
that for each increase in a T- allele, there was an increase in the rates of agonistic
displacements that the subject received (p < 0.004).

Number of Receive Displacements

Figure 3.
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Discussion:
The main objective of the study was to investigate the influence of SERT and OXTR
genotypes on social behavior. This study is one of the first to investigate the effects of an
oxytocin receptor genotype that was only recently characterized by Barr and colleagues
(2017) on aggression and antisocial behavior.
Overall, we found general support for a relationship between 5-HTT and OXTR
genotypes and antisocial behavior. As expected, subjects possessing the s-allele showed
lower numbers of social partners when compared to subjects homozygous for the L-allele,
and there was evidence for a dose dependent effect. Subjects that possessed one copy of the
s-allele had fewer social partners, and subjects with two copies of the s-allele had even fewer
partners. While this effect was only of borderline significance for the 5-HTT genotype, a
posteriori analyses grouping the s-allele heterozygotes and homozygotes showed a
statistically significant difference between the two grouped s-allele subjects and the L-allele
homozygotes. For the recently discovered OXTR genotype, the results showed that subjects
homozygous for the non-ancestral T-allele exhibited increased rates of aggressive behavior
and in turn also received higher rates of agonistic displacements.
This pair of OXTR findings seem somewhat at odds (in humans bullies exhibit more
aggression, and seldom backdown from a challenge to status). One possible explanation
comes from studies of the acquisition of social dominance in monkeys living in a natural
environment (Howell et al., 2007). These studies show two pathways to the acquisition of
high social status. The first is a political pathway—form alliances and use those alliances to
maintain status, which requires a high degree of both social affiliation and social
competence. The second pathway is through aggression. These subjects tend to be loners,
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impulsive, to be repeatedly wounded, and perhaps as a result, have high cortisol. They are
also somewhat oblivious to social cues and are highly aggressive. This later group is more
likely to die from violence at an early age, to be repeatedly wounded, and to have short
tenures as a dominant male—most often this is because their tenure is terminated by violent
means. To coin a phrase used in the paper, they “live fast and die young”. JDH, one of the
authors in the paper describes one such monkey. “A young adolescent subject weighing
about 4 kg was observed in the evening attacking two fully mature adult males, each
weighing about 12-13 kg. I commented to my colleague, “that little male is going to mess
around and get himself killed…” He was found the next morning with hundreds of wounds
and died by mid-afternoon”. The subjects with the less efficient OXTR genotype show many
qualities that are similar to the monkeys who rise to the top by means of aggression,
however, they are also wounded more often (possibly because they are oblivious to social
cues (Higley & Linnoila, 1997) and find themselves more often the victims of their initiated
aggression.
Some studies show a reduced level of serotonin activity in subjects with the s-allele
(Bennett, 2002). To the extent that the s-allele subjects have impaired CNS serotonin
functioning, analyses of the 5-HTT genotype is in line with human and nonhuman primate
studies showing that subjects with low CNS serotonin functioning tend to be loners and are
less likely to show a high degree of social competence (Higley, Suomi, & Linnoila, 1996;
Mehlman et al., 1997; Higley et al., 1996; Van Roekel, Scholte, Verhagen, Goossens, &
Engels, 2010). Another study found that juvenile subjects with the s-allele showed lower
rates of play with other age mates (a primary measure of social competence in young
monkeys), and increased aggression as adolescents, although both of these findings were in
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the context of a gene-by-environment interaction (Barr et al., 2003b). It is of note that there
are other possible interpretations for the results. While not inconsistent with the current
interpretation of the 5-HTT findings, one cannot rule out anxiety or impulsivity as
hypothetical constructs that are also mediated by CNS serotonin, both of which are
associated with the s-allele; hence, the underlying emotions or traits that motivate both
aggression and being a loner, may be mediated by genotype.
Research assessing the impact of oxytocin on social bonding and affiliation has
largely focused on prosocial behavior (Rodrigues, Saslow, Garcia, John, & Keltner, 2009;
Krueger et al., 2012; Lukas, Toth, Reber, Slattery, Veenema, & Neumann, 2011). As
oxytocin is thought to be related to bonding and positive sociality with the ancestral genotype
(G) being related to higher engagement in these areas, it is somewhat surprising that our
study did not detect significant relationships with prosocial behavior. Instead, the strongest
effects were with antisocial behaviors such as aggression and receiving agonistic
displacements. This may be because the recently discovered OXTR genotype, is not an
orthologue of the human OXTR genotypes; rather, it is a gain-of-function nonsynonymous
SNP, located in the 5’ region of the oxytocin gene. Given that it is not homologous with the
human variant, it may be that the recently discovered SNP variant is associated with different
underlying effects than the variants typically studied in humans. There is some evidence for
this possibility. In the Baker and colleagues (2017) publication, the G-allele was associated
with arousal and separation-induced anxiety—not social behaviors, although their findings
were only in the context of a gene-by environment interaction, with maternally-deprived, Gallele subjects showing a stronger effect than the homozygotes. On the other hand, as noted
in the introduction, some studies in humans, particularly in adolescents, show a relationship
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between variation in the OXTR gene and aggression (Bosch, Meddle, Beiderbeck, Douglas,
& Neumann, 2005; Jia et al., 2008), delinquency and antisocial behavior (Hovey et al.,
2016), emotional withdrawal (Haram et al., 2015), as well as a relationship with loneliness
(Van Roekel, Verhagen, Engels, Goossens, & Scholte, 2013). Hence, our findings are in
congruence with some studies in humans.
It is somewhat surprising, and perhaps paradoxical that the 5-HTT showed no
relationship with aggression as serotonin is widely accepted as modulating aggression and
impulsivity; moreover, the OXTR findings are also somewhat perplexing as it has been
shown to largely increase prosocial behavior. Nevertheless, these findings are exciting as it
provides us with more questions and ideas for future study.
One limitation of the current study is that the sample size for the OXTR was small,
which prevented us from assessing the two genotypes together. With this potential limitation
in mind, our data suggest additional roles for both systems that may lead to conduct disorder
and its developmental outcome, with the serotonin system contributing to loneliness and the
oxytocin system showing a relationship to aggression.
These results could possibly be used as indicators for individuals who are predisposed
to engage in antisocial behavior and lead to early detection of antisocial traits, which could
aid in early behavioral interventions. Studying the social interactions in non-human primate
models can provide us with possible insights into the etiology of behavioral disorders such as
autism, aggression, and antisocial behavior.
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